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SECTION 

I 



INTRODUCTION 

J 

This paper has used as o guide the outline paragraph "technology 11 suggested as one 
of the "several analytic studies" in the memo of Stephen White to Professor Edward S. Mason, 
dated May 23, 1970. Fallowing the tone of that memorandum, this study will deal with more 
than just o tutorial description of terms and hardware and systems. It will also try to present 
the technologic growth pottern, describe some of their growth incentives and onalyze technologic 
distinctions between cable and other existing communication services. 

The writer is aware of the^ temptations of "blue sky" reporting." if indulged, it will be 
identified as such. However, the technology has progressed farther and faster than members 
of this commission and staff might know L-_eyen [ foster than many of the seasoned cable system 
operators might know, or choose to believe. The factor responsible forthis growth pattern is 
timing. Cable communications has eppeared on. the scene of history at a time of explosive 
expansion of reloSed technologies. Data theory, computer design, solid state circuitry, 
orbital vehicle control, communication theory, ond a vast cadre of highly skilled engineering 
companies and personnel ready to apply this know-how, was not created by the cable industry 
but have converged at a point in time ready for efficient ond immediate use by the cable 
industry. Therefore, earlier time cycle standards, even those of our own generation, for an 
industry building on new technologic developments, do not now apply to cable communications. 
The five to ten yeor growth pattern under examination by this commission is not technology 
limited. The controlling factors will be: 

1. The desire and true public need for ond the productive use of broadband 
information service and entertainment occess for the home. 

2. The incentive, foresight and wisdom of industry and other leaders who 
must marshall the risk capital, realistically appraise the political ond 
competitive fights, and supply the energy to make this happen. 

»t • 

3. The effectiveness ond magnitude of opposition of established services 
whose immense plant investments or carefully developed profit patterns 
coution them to let new services happen "all in good time. " 

4. The vision, energy ond competence of regulatory bodies. 
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SPECTRUM UTILIZATION (See Toble I) 



The highway over which the produce of communicotions con be corried toond from 
market is the electromagnetic spectrum. AM radio, television broadcost, mobile radio, 
microwave, ond even visible light, ore electromagnetic waves that con exist simultoneously 
ond distinctively in the space oround us. The distinction is that they occupy different 
portions of the electromagnetic spectrum. Eoci: signal rides on o ^different lone of the 
highway, identified by its frequency number, i.e,, the oscillotions per second of its corrier , 
wave. Physicol lows govern the characteristics of propagotion through space of each 
frequency, how the wave behoves in the otmosphere, the effect of physicol obstacles or 
ionized oreos, the meons by; which it con be formed into directed beams or rodioted in oil 
directions from the ontenna, etc. Interestingly enough, the speed of propagotion through 
space is not o function of frequency; it is the same os the speed of light. 

Signals rodioted into the otmosphere con be collected by on opproprjpte ontenna 
ond H tuned M by o receiver. In this manner, one distinctive frequency (whose occuponcy of 
the spectrum is reguloted by the Federal Communicotions Commission) con be coptured and 
omplified. Then, the intelligence (dots and dashes, or voice or pictures or data) on that 
carrier con be "demodulo ted 11 ond reconverted to o form fomilior to human sensory organs 
or to "talk 11 suitable for machines. Obviously, if two signals occupy the same frequency 
of the same geographic locotion there will be "interference H between these two signols. 

_ The onnoyance,of this interference depends upon the relotive signal strengths and the method 
of "modulation" (the means for impressing the intelligence on the corrier). 

To ovoid interference rodioted signals must be separated in: 
o. Frequency - what part of the spectrum is used. 

b. Location - sufficient separation between transmitters. so that 
the interfering signal strength at a receiver locotion is below 
tolerable levels. 

c. Time -‘’turn off one transmitter when onother is turned on. 

Obviously, these restrictions limit the number of radio transmitters that con be 
assigned to o part icu lor service ot o particulor locotion. 

There is onother means, however, of using the same frequency simultoneously in the 
some locotion. Do not ollow the signal to radiate. Keep it confined so that it reaches the 
receiver terminals over o shielded ond o controlled path. Protect the signal from interference 
with or by radiated signols which saturate the oir. 

Physicol wires offer this opportunity foro directed confined signol distribution system. 
The most suitable of the wire configurations is the "coaxral coble" which will be described in 
more detail below. While cooxiol cobles may not corry of the electromagnetic spectrum,' 
certain types can corry o sufficiently lorge chunk of it \6 occommodote all of the broadcost 
bands ond many of the other services. The presently limiting factor is not the cable so much 
os ossocioted system equipment. 



4 



"N 



\ 





\ 






Coaxial cable gives us a multiplying factor for the electromagnetic spectrum. If the 
incentive is great enough to “wire a city" we can reproduce our present communications ' 
capacity each time we choose to install a cobxial cable^ystem for .distribution of signal to 
the homes in that city. Eoch such coble system represents a quantum jump in our communication 
capability. Instead of husbanding the assignment af radio channels for a limited few, the 
economy of scarcity; we can now challenge theJmaginotion and energy of programmefs, 
serviqe suppliers, community psychologists and educators for productive utilization of the 
communication channels that can be ma'de available. 
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SECTION 

III 



EXISTING SYSTEMS 

A* Generol 

The incentive far the first introduction af the wired city was supplied , under our 
free enterprise system, without subsidy or without long-range plcyininci* VVe stumbled into 
it by our need to fill a need* A community antenna service evolved to capture and 
distribute broadcast television signals to homes In a community in o manner better or more 
convenient than the ’individual homeowners could da it far themselves* The service 
proved to be easily marketable. Ingenious application of limited but ovailable technology, 
the desire far better signals, and freedom of choice in program selection and a favorable 
cost, combined to forma new industry* 

As ward spread that a new "home town" business had been created mare irdividuals 
with same skill and much ambition took the risk of installing systems* The market far 
hardware increasedlond by necessity manufacturers began devoting engineering effort ta 
develop specialized equipment* Better equipment and an increasing demand for more 
service eventually expanded systems from *3 ar 5 channels up ta 7 or 12 channels* Operators 
soon found that unlike broadcast station allocations and contrary to "expert" opinion they 
could occupy adjacent , channels on a single cable/ Channels 2 and 3, which are adjacent 
in the frequency spectrum, are never licensed ta broadcasters in the same orea* Cable 
operators found that if they balanced the levels af the visual carriers and reduced the level 
of the PM sound carrier, commercial television sets would successfully receive signols an 
both 2 and 3* This ane development effectively doubled the viewing capacity af the home 
VHF receiver. Even the largest metropolitan area (New York, Los Angeles, etc*) were 
ossigned only 7 VHF broadcast channels* Cable viewers in many small communities have 
occess to programs an all 12 VHF channels* 



Twa questions then arose* Why would a cable operator wont to go to the expense af 
increasing the’channel capocity of his system; and haw would he progrom these additional 
channels* The why was the increasing competition far franchises (the local community 
licenses ta instaTTphysical plan* oh public property) and the apparent expansion of market 
potential with expanded services* The how was by imparting more distant television 
signals, even those beyond the range of even the most elaborate broadcast receiving 
antennas, using lang-houl microwave and by "converting" UHF television broadcast station 
signals ta the VHF spectrum* An example a f the farmer is the importation af the Spokane, 
Washington broadcast stations across the Rocky Mountains, using several repeater microwave 
stations, to Great Falls and many smaller Montano communities* An example af the latter 
is the conversion (at the head end) of the New York City Municipal TV Station, UHF 
Chonnei 31 to VHF Channel 3* There it can be successfully received by many, more people, 
and it hos a much more favorable competitive position on the selector switch af the viewer's 
television dial* 
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rtc problems of regulation, copyright and competition with established medio enter 
into the obove picture. Catchwords like frogmentizotion, piracy and non-duplicition 
become part of the .industry vocabulary. But such.Tnatters afe not the subject of this paper. 

f 4 

A third meant of "filling the chonnelt" wot for the, cable operator to prodoc^hit 
own programming. Thit ppened up a whole new requirement for technicol equipment, tkillt 
and operotfng experiencet. Manufacturers qu ickly produced tome primitive but effective 
"automatic, programmer!" tucb at the weother channel, the newt ticker, the (delayed) 
stack market tape. , Some operators invested in inexpensive 16 mm film cornero chains ond 
sought out the cheapest feature film they could find. Here they competed with the "grind" 
programming of some broodeost stations. But this kind of programming was -just "more of the 
some" on d it was o capital burden since there was no advertising income to support even 
these modest costs. Where good product could be run in areas where there wos not enough ^ 
broadcost fore to provide o choice of "etcope" programs, film features were Accepted and 

ore used. . ■ ' 1 

* * * * 

The really new service of cable came from those operators who hod the skill, 
foresight or competitive need ta provide "locol event origination/ 11 Here is a service that 
even the smallest broadcaster with his many thousands of square miles of coveroge connot 
provide.^ here is a service that tfie cable operator has both the channel copacity and the 
distribution directivity to do well. It converts television from a mass interest media into 
o minority interest media. And so local origination, with its related regulotory invitations, 
competitive turmoil, new skill requirement, odditional investment needs and potentiql labor , 
problems come into being. 

. Filling the channels was so successful ond an increasing derpp/nd was so insistent that 

operators soon suspected that more than 12 chonnels would be required. 

• * ‘ • 

As the needs, potential and magnitude oTthjs new industryar*increos?ngly understood, 
the requirement for hardware and specialized design is attracting the interest of many 
competent engineering ond manufacturing firms. , Some of these are investing sizoble capital 
in studies of the market and in product development. This may seem a paradox ot a time 
when regulatory restrictions, delays and uncertainty on pending legislation ond control has 
severely limited new system starts. The production planning and engineering programs of 
established CATV equipment suppliers hos been seriously curtailed and substontiol personnel 
cuts have been imposed. 

One ingredient not discussed above hos influenced the existing technologic pattern 
and future development of the industry. This is the evolution of the Multiple System Operator 
'(MSO). Towards the end of the ‘50s some of the single system o wner/ope rotors began to 
expand their own group of cable holdings or ta sell their systems to other operotors. This 
extended base of operation permitted more dollars to be devoted to system planning, 
professional engineering, purchasing control and central jzed accounting. Today, the largest 
of the MSO s serves less than seven tenths of one percent of the national television homes; 
o fractign of thd homes covered by just one broadcast station in a major market. But even 
this small broadening of the base of operations has provided the means for evaluofing the true 
potehtio I of cable communications. 1 - 
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B. System Description 

A system manoger must hove many talents. In a small system he is administrator, 
technician, salesman, community friend and booster, politician, right-of-way negotiator, 
trouble shaater, complaint solver, and bill collector. Irf larger systems he can afford 
some staff ta assist in these problems. In multiple system organization he can call an 
specialized guidance, for his implementation, in each a f these categories. Mast cable 
operators are membeis <$f the National Cable Television Association (NCTA) where 
they have access ta advice , guidance and data relating to their problems and ta the 
interests of the industry. The annual national convention and many*regianal meetjngs 
provide management and technical papers and attract impressive product and services . 
displays. 

A typical operating plant consists. aft * 

a. The Head-End* 

b. The Distribution System. 

c. The Home Terminal. 

Each af these facilities will be described here. 

I. The Head-End is the programming source af the system. All af the bead*end 
functiqns are frequently but not necessarily located in ane place. Although there must be 
one feed paint far the total signal ta the distribution network, sources af signal may be 
separated as a matter af convenience. Broadcast receiving antennas are located at an 
optimum receiving spat. This means away from local industrial noises and interference and 
at a favorable elevation, either natural terrain ar a tall tawer, far better ar mare distant ' 
signal reception. Usually individual antennas are* used far each channel far maximum gain 
and directivity. This permits orientation af the receiving antenna beam directly towards 
the transmitter. Sharply tuned entennas, however, are avoided if they give band pass 
problems detrimental ta the signal reception. Some operators hove attempted very long 
distance (scatter) reception by use af huge parabolic structures requl * q a half acre ar sa 
af ground. * w 

Obviously, it is sometimes beneficial ta install antennas at different physical 
locations to take advantage of natural terrain. Weak signals are sometimes "boosted" right 
at the antenna terminals by "pre-amplifiers" suitable far the channel being received. 




: 






-7- 



Most operators include ontenmos ond equipment for receiving FM broodcost stations. 
Since the FM bond is locoted in the 20 MHz segment of the spectrum immediotely obove TV 
Channel 6, it foils well. within the distribution handling copacity.of most coble systems. 

Distont reception is more frequently ob\iined with the oid of microwave reloy links* 
Indeed it was becouse of the use of microwave reloys that the FCC first osserted its control 
over cuole systems.. A broodcost receiving ontenna locotion is established within the good 
signal reception oreo of o stotion. This signal is demodulo ted ond the video ond sound ore 
multiplexed on o frequency modulated microwave corrier. Initially, the Commission licensed 
cable operators in the 6 MHz microwave bond where equipment was well developed, not 
too expensive, ond where propagation charocteristi'cs for long distances were fovorable. 

In 1965 CATV operators were given notice to'vocote that band unless they cculd qualify under 
the 50% common corrier rule. This meont that 50% or more of the cable system channel hours 
of program corried on the link must be used for the benefit of systems thot were not owned or 
controlled by the microwave Jperaror. Locking that criteria, the operator wos given o 
reasonable period of time to convert his link to the Cable Antenna Radio Service (CARS Bond) 
in the 12.7 to 12.95 MHz region. This same microwave. band has now been outhorized for 
Local Distribution Service (LDS) for cable operators, describer in a subsequent section. 

Microwave links con be repeated if necessary depending on the terrain ond the 
distonce — preferably through heterodyning repeoter stations. The final receiver, ot o coble 
head end, must demodulote the video and sound ond then modulate these program signols in 
the formsuitoble for o conventional home television receiver. 

Repeated modulotior\/demodula tion processes contribute most of the degradation of 
cable signals due to differentiol phase, differential gain ond group delay. Such problems 
will continue until better "modern M techniques or equipments ore engineered. Normal broad- 
band coble systems which distribute two or more octoves of VHF frequencies without modulotiori/ 
demodulation (modems ) do not introduce these kinds of distortion. 

Locolly originated programs, of course, require modulotion but this is o once only 
process which is eqOivolent to the original. transmitter modulotion of a b’roadcost stotion, 
without the high power complications. Originally, coble originations were strictly "poor boy" 
operations, using minimum equipment and operating skills ond resembling o small school ETV 
facility more than o broodcost station. Still, it Is surprising whot interesting programs - 
perhaps interesting only to thot local community - have been produced by these minimal 
facilities. Now, os coblecosting becomes on increasingly important part oLthe operation - 
required by the FCC (os of April 1971) for systems having over 3,500 subscribers - ond 
parficulorly with advertising or channel leosing hopefully to relieve the burden of facilities 
cost and operation - the equipment is a Ireody becoming more sophisticated. The studio 
equipment manufacturers ore now offering third or fourth generation camera designs. 
Comparatively low cost items^con produce results equivolent to the broodcost quolity of only 
a few yeors ogo. For exomple, several manufacturers now offer color cameros in the ten 
thousand dollor range which, considering the overage operator available to coble TV, may 
produce better pictures than o 60-thousand dollor network instrument. 
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Goble systems universally use "slant track" video tape recorders with good results 
but suffer from lack of standards in this equioment* which permits interchangeability of * 
tapes an different machines. Naturally it is expected that if cable networking reaches 
regional ar national proportions, same programs may originate from existing broadcast 
studios ar from studios that are equivalent ta the broadcasters in equipment and personnel. 

Such professional origination facilities have been used many times in the past far theatre^ 
television presentations ond far industrial closed circuit programs. The trend, however, is 
ta keep programming costs law sa that more programming per dollar will encourage greater 
variety and community access ta the multi-channel distribution system. 

Automatic programming will continue to occupy channel space but with greater 

design thought given to performance, display readability and viewer interest. 

•> 

An important heod-end function is signal processing . This means the assignment 
of channel space ta each program, balancing af video carrier levels and the adjustment of 
the sound carriers for odjocent channel operation. 

The locally originated signals and video signals delivered by long-haul microwaves 
achieve this balance in the modulation process. Crystal controlled oscillators are used 
far selection of the assigned channel. UHF stations and VHF stations are generally not 
demodulated but are converted ta an intermediate frequency (IF) where a band pass filter 
cuts off aut-af-channel signals. This circuit separates out the sound carrier, permits 
independent video carrier and sound carrier level adjustments, recamoines the carriers and 
finally translates the I.F. back ta the assigned VHF channel. Nate that the output channel 
can be, but is nat necessarily the same, as the input channel. UHF channels, af course, 
must be converted to VHF frequencies ta be carried over the distribution system. (UHF 
carriage an frequency is discussed in Section II)* Even VHF stations are sometimes given 
new chonncl assignments' for an interesting technical reason. ^ This channel change ca n,. 
of course, be upsetting to the broadcaster who promotes his channel number identification 
and originally confusing to the viewer wha finds that his local Channel 7 jray naw come in 
as Channel 12 on his tuner dial. The reason for such a channel shift is to avoid interference 
between two stations which broadcast an the same channel or between a locally transmitted 
signal which •* 50 **rong that leaks into a viewer's televfsion receiver? There it 
interferes with the signal of that same station delivered to the antenna terminals of that some 
receiver aver the cable. Such interference produces an unwelcome "leading ghost" type 
of interference. Changing channels at the head end avoids this aff-air interference but means 
that the channel of the strong local signal is left unoccupied on the cable. In an.areo close 
ta the Empire State building transmitters in New York City, seven channels would have Jo be 
left unoccupied for this reason. At a time vhen there is on increasing demand far channels- 
such waste is unthinkable. 

Obviously, the problem would not occur if the home television receiver were leak- 
proof, i.e. , shielded well enough so that it would not pick up signals except those delivered 
directly ta its own ontenna terminals. While this Is straightforward design it would hove 
added a new element of cost to receivers and has been rejected by the set manufacturers. 
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The coble operator telved hit problem by building his own, well shielded channel tuner and 
providing it to his subscriber as part of. the cable system. This device performed the same 
function as his head-end converter, changing a channel being supplied by the system to some 
channel which has no interference from strong off-air signals. With such equipment not only 
can all 12 VHF broadcast chcnnel ossignments be used but non-broadcost channels in the "mid" 
ond "super" (see Toble I) band can be selected ond converted to a channel useable on the 
viewer's set. Such converters now supplied in a New York City system hove a 25-channel 
capacity. Channel number identification is no longer a problem since the converter dial can 
be labelled by the system operator to conform. The viewer olso has the convenience of o 
remote tuning control which con save him a few steps when he selects his program moteriol. 
These benefits ore beginning to justify the cost (approximately $40. installed) of this device 
ot each subscriber's terminal. 



The head end provides o point of system programming control . It is here that the non- 
duplication rule, imposed by the FCC for the protection of local broadcasters, can be 
implemented. The program on a more distant broodcast stotion which "duplicates" a program 
on a loco I stotion can be '’blacked out" — removed from the cable. This function requires 
somewhat elaborate pre-progrommed equipment to .control what time segments on what 
stations must be removed from the view of the system subscribers. If proposed rules which 
require deletion of certain commercials from distant stations are implemented, this program 
content censoring equipment will became even more elaborate ond involved. 

s <* 

Community emergency services also require head-end equipment. The Liberal, 

Kansas system, for example,' tas installed a microphone and cut-out switch at the> Chief-of- 
Police office. Operation of the switch allowf the Chief to temporarily insert his voice on 
oil cable sound channels'— to give,tornado or other emergency warnings. 

. . The final process of the Head End is to combine all of the spectrally distinctive 
signals onto one cable ot the right signal level and to feed these signals into the distribution 
system. ' 

2. Distribution - — The distribution network includes the cable and all the 
oppurtenant devices necessary to carry the signals from the head-end to each of the 
subscribers terminals. A cable system is a gigantic party line with every one connected to 
the same wire circuit. It is o tree getwork where the product from the root is carried through 
the trunk end then the branches to the individual stems which feed each individual leaf. 
Historically, CATV systems have been one-way transmission but recent developments are so 
important and offer so many opportunities for public benefit thot the whole new art of two- 
way broadband cable communication will be treated in a subsequent section of this report. 

a; Cable — It is well known that electricol currents con be carried along 
wires. Current flow and electrical potential also set up magnetic 6nd electrostatic fLejds 
that do not require conductors but co,n radiate through space. Energy on a conductor is 
lost by radiation and by absorption due to the work necessary to push electrons through the 
conductors (resistive losses) or to'push concegtrated fields through non-conduct ive materials 
that occupy surrounding space (dielectric losses). These factors constitute the losses of o 
wired system, usually expressed (for communication signals) as the logarithm of tKeratio of 
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the power into o system compored to the power measured at some point along the system. 

This "attenuation" of power is measured in decibels, o unit of measurement usually 
shortened ta the symbol dB. Three dB represents a 50% lass in power. Cable losses 
increase as the frequency af the electrical currents increase. 

Physical configuration af the conductors influence the characteristic impedance 
af a transmission system which in turn determines the interrelationship af voltage and 
current and , consequently, af power. Abrupt ar rodicol changes in characteristic 
impedance cause reflections af power which can result in additional lasses, ringing, 
frequency sensitivity ond other disagreeable effects. Thus, the cable itself must be 
uniform and any transitions in the coble^uch as connectors, and all terminations 
including equipment inputs/autputs must be matched "or transformed" ta a new impedonce 
level. Characteristic impedance af a transmission line is generally insensitive ta frequency. 

Electricol power (direct current ar 60 cycle typicolly) can be carried an conductors 
of almost any configuration. Radiation and dielectric loss is na problem but heavy currents 
make resistive lasses important. Telephone voice circuits and telegraph circuits are olso 
• low frequency, ond since very little power is involved, con be handled by small "twisted 
pair" conductors with minimum insulation and tight physical space. Thus, telephone 
trunk cables af many hundreds af poirs (ane pair for each anticipated telephone terminal) can 
be compacted into relatively small cable diameters. Normally, twisted pair telephone 
circuits are designed far about 3,000 cycles af voice communication. Even these circuits 
needs same "equalization" ta balance the levels af the higher frequencies with the lower 
frequencies. More elaborate equalization and amplification can extend this transmission 
band to 8,000 cycles or obove. Being unshielded, normal telephone pairs are subject ta 
crass talk and radiote ot higher signal frequencies. More than ane telephone terminal 
(extensions and party tines) can use o single pair an o shared time basis. 

«• 4 

Coaxial coble is o conductor configuration particularly suited to high frequency 
transmission. Such cobles are used ta transmit electricol signals from zero frequency (direct 
current) aO the way up ta several thousand million cycles per second. Far practical 
purposes, long runs of modern polystyrene foam cable ore generally not used at frequencies 
above 300 MHz. While the useful bandwidth of o CATV coax cauld be said ta be 100,000 
times that af a 3 KC phone line, the real truth is not os direct as the arithmetic solution 
indicates. Nevertheless, assuming suitable amplifiers (which we do nat yet have) it may 
be possible that 40 standard TV channels of 6 megahertz bandwidth might be carried on one 
cable. 
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The word "coaxial" comes from the fact that a small diameter fnner conductor is 
positioned at the center of a larger diameter outer conductor, (see figure). Ideally, the 
Plastic Jacket ^ Outer Conductor/ space between the twa conductors would 

only be occupied by air but since this is 
physically impassible, plastic spacers such 
as discs ar helical ribs are used. Such 
open spaces make effective .water traps and 
in exposed locations require line " 
pressurization. Coble people have generally avoided that added cast and maintenance. 
Manufacturers have come up with-superiar foam dielectrics, plastic enclosed air cells. 

This is a structure which has physical strength and is an effective black ta water penetration 
ar transmission. The attenuation af same af the foam cables’nas begun ta approach the law 
value af a true air dielectric coax.. 



Inner 

Conductor 




Originally, the outer conductor af coax cables was made af capper braid. This was 
flexible and generally available, but did nat provide a tut table weather seal# In strong 
ambient signal areas it did nat provide sufficient electrical shielding. Again, the manu- 
facturers provided the answer with a solid aluminum outer shielc/canductar made by 
extrusion, seam v/elding ar by a sealed lap joint. Even the small diameter "house drops" 
are naw generally shielded with a solid metal (generally an aluminum fail with a lap joint) \ 
outer conductor and "drain wires" ar a loose braid. 

Most cables have a taugh outer jacket af polyethylene, with a high molecular weight 
carbon loeding, for environmental protection. In same climates, aerial cable plants da nat 
need the jacket and the metallic aluminum gives better thermal protection than the heat 
absorbing jacket. Some underground cables include a very viscous material between the 
metallic shield and the outer jacket. This material acts like b puncture proof gas tank, 
sealing any cuts ar nicks. In certain areas af the country a steel armour is necessary ta . 
protect underground cable fram.rojdent type animals. 



The cable industry generally uses four sizes af coaxial cable, all sizes having 75 ahm, 
characteristic impedance determined by the dielectric and the diameter ratio af the outer and 
inner conductors. The sizes generally identified by the diameter af the unjacketed outer 
conductor are ’750", "SOD", "412" and RG-59/U. These are 3/4 inch, 1/2 inch, 27/64 inch 
and approximately 1/4 inch diameter respectively. The larger the diameter the less the loss 
af the cable, the fewer amplifiers required (ar the longer cable lengths far a given number 
af amplifiers) and the mare difficult the jab af installation General practice is ta use 1/2 ' 
ar 412 far "trunk" line, 412 far "feeders!'*, 59/U far house "drops" and 3/4" far super trunk runs. 

The backbone af the system is the trunk. This cable carries signal from the head end 
ta the extremities of the area served with the minimum passible number af amplifiers (generally 
3 ta 4 ta the mile) and na subscriber taps. Bridging .amplifiers (see below) moy provide 
junctions to sub trunks or ta feeders. Feeder cables are comparatively short runs which may 
parallel the trur.x eitner forward, Dy doubling back from a junction ar branching aff ta serve 
a local area. Feeder* can branch ta sub feeders using passive splitters ar directional couplers 
and "line extender" amplifier*. Subscriber taps are pot only an the short feeders, ta ovoid 
the cumulative effect- of these discontinuities on- the trunk line. Drop cable /orely aver 150 ft. 
in length, carries signal from the top right ta the subscriber's terminal in his home. 
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Thc Super Trunks are genecally reserved far long “crass country” runs without 
subscriber potential , such as carriage af signal from a receiver tawer ta a central office. 

" Aerial Plant " refers ta cable that is suspended in the air an poles. These are 
usual ly telephone ar power pales but in rare instances cable companies have been permitted 
ta set their awn pales in certain areas. Unless the cable operator is the local telephone 
campony, ar has obtained a "lease back" (a long term contract where the phane company 
installs and maintains the cable plant under tariffs related ta number af channels, types 
af carriage and miles af plant) he must negotiate a pale line contract. The Bell System 
companies have now agreed ta make their pales available ta cable operators. The 
procedure, after executing a contract, is ta specify the plant, identifying each pale by 
number and location. The phane company inspects each pale and writes an engineering 
order specifying what "change aut" (modification) is required. Telca personnel make the 
changes. The pales are then available ta cable operator personnel ar his contractor to 
install the cable system. These contracts involve a change-aut charge and an annual 
rental fee far each pale. 

The coaxial cable, trunk and feeder, is "lashed" ta a steel ^messenger" cable 
which provides the physical strength in tension and carries the weight of the coax and 
same of the equipment. Expansion laaps ar M S" bends generally located at splices ar 
equipment paints further relieve strain and allow far thermal expans iar\/cantractian af the 
metal. Need far assarted plant hardware and special vehicles far installation and maintenance 
provide a good market for suppliers af those items. ' 

Underground installation is frequently used and is becoming increasingly papular 
with cable operators. It is mare expensive and requires greater cooperation and 
coordination with departments af the local government but it has many compensating 
advantages. It greatly improves the appearance af the community; it removes dependence 
an,abligatian ta ar unavoidable delays af the telephone company; it provides thermal 
protection (smaller variations in cable temperature) and eliminates danger af Ice storms, 
wind storms and reckless drivers. Taals, such as the self propelled vibrating plow and 
flexible shaft boring equipment make the jab easier. Substantial improvements in under- 
ground techniques arc expected as the need is recognized and the market increases. . Much 
underground plant is "direct burial" but same believe thpt the additional cast af plcstic 
pipe is a wise investment far cable replacement ar system growth. Small underground vaults 
af concrete ar metal, having lids flush ta the surface of the sidewalk ar grass (painted green), 
house the system equipment and taps. Many installations house equipment in shrubbery 
concealed snorkel pipes which extend above ground. Naturally, all such installations 
must be fully protected from flooding. A great aid to this is the development af heat 
shrinkable tubing which can seal connectors and housing entries. 

b. Amplifiers are the electronic circuits which are inserted in the cable ta compensate 
far the losseraf the cable and other passive devices on the cable network. Early amplifiers 
were all vacuum tube design and frequently required separate circuits for each TV channel 
an the cable (strip amplifiers). 
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More often one circuit would Amplify the low-band (channels 2 through 6) ond o 
separate. omplifier would amplify the high-band (channels 7 through 13). These circuits 
required much electrical power, generated heot in" their weother-tight enclosures ond 
required much maintenance in the form of tube replocement ond continuous rebaloncing. 

In the early '60s one manufacturer introduced o broadband (chonnel 2 through 13) 
solid stote (transistors ond printed circuit board) Jype of omplifier which was risked in o 
system by one of the M^S.O's. After much scoffing, initiol industry resistonce ond o certoin 
omount of "debugging*' this design revolutionized the industry. This new market interested 
the tronsistor manufacturers and provided on incentive for more ropid development of 
improved solid stote components for the VHF frequency ronge. 

Now, on equolly revolutionary design change is beginning to toke pfoce. The 
ropid ond recent growth of thin film, thick film, MOS ond other techniques thot ore still 
stronge to the tongue os well os to the understanding, may find o natural opplicotion in 
broadband ccole communications. 

Amplifier designs now generally in use hove o useful band from 54 MHz to 216 MHz 
without gaps/ They ore normally rated for use with the 12 ossigned broadcost TV chonnels 
54 to 83 MHz, ond 174 to 216 MHz; ond for the FM band 88 to 108 MHz. Some manufacturers 
ond bperotors have tested these omplifiers for mid-band corrioge, 108 to 174 MHz. Some, 
but by no mecns oil, of the present omplifiers con be opcroted with up to eight odditional 
mid-band channels ot o cost of reducing output levels by obout 3 dB ond limiting the number 
of omplifiers in "coscode" (connected in o string on one coax line) to obout 25 or.30 rather 
thon the usuol 50 or mare. This meons that only the most modern ond best equipped systems 
now operoting hove o possibility of extending their channel copocity to os much os 20 
channels. All of these e*tra channels will be in the mid-band since high end cut-off was 
always just above Channel 13 (216 MHz). 

Eorly 1969, however, most monufocfurers sow the growing demand for more chonnels 
ond begon exomining their designs for extending their chonnel copocity. It was not too hard 
to extend the upper cut-off frequency, using improved tronsistors, but the interaction of the 
visuol ond sound ccrriers (the noture of cross modulotion ond beots is discussed loter) is o 
matter of greor concern. Some considered use of multiple single octove omplifiers which 
would avoid some of the problems. Many decided on upgroding their omplifiers from single 
ended circuits to the more costly push-pull stoges which suppresses second order distortions. 
All ottempted toochieve greoter omplifier linearity. Non-lineor circuits ore the chief 
villians responsible for generation of unwanted spOrious signals. 

Equipment salesmen ond market plonners storted ploying the numbers game. If one . 
corr.pony said 20 channels, onother soid 24 or 27, or 32 or 36 or 40; toke your pick*. The 
engineers and designer a/e having o hard time keeping up. Certoinly, system operators 
hove not had sufficient field experience with these new equipments os yet, even with dry-run 
or test signols, to evaluate performance or to determine the noture or magnitude of co-reloted 
problems. 
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But the desire is there , the effort is being made, design and field testing money is 
being spent. Engineering competence exists to achieve the kind of channel capacity, 
required. The unknowns are time and money. Many operators know that they may be able 
ta extend their present distribution amplifier systems above 12 channels ta 14, perhaps ta 17, 
and same even ta 20 — if they are willing ta make a substantial investment in subscriber 

• terminal converters. Beyond that number, however, they will undoubtedly require new 

plant construction and/ar amplifier replacement. Fortunately/ in most cases, at least, the coble 
itself will be able to accept the additional channels without change. 

In addition ta the bandpass and channel capacity af amplifiers, there are other 
important operating features and performance criteria. The "naisg figure 11 af an amplifier 
is a measure af its contribution af random unwanted thermal signals spread across the frequency 
band that in the extreme condition is known ta the viewer as "snow.-*' The level af input 
signal (haw law it can get before being amplified) and the level af output signal (a function 
af input level, gain and linearity characteristics) determine what length af what size cable 
can be placed between amplifiers'. The number af amplifiers in cascade reduces the tolerance 
af the values af input and output levels until the adjustments became sa critical and 
sensitive ta environmental changes that quality performance is na longer passible. A current 
rule af thumb limits cascades ta about 50 trunk amplifiers (same manufacturers say 80) at 
a spacing af about 3.7 amplifiers per mile af 1/2" cable. This indicates practical trunk f 
limitations af 14 ta 20 miles along different radials from a paint af head-end signal insertion. • 

It has already been mentioned that cable lass increases with frequency. Lass in a 
system ot Channel 13 is more than double the lass at Channel 2. Therefore, all amplifiers have 
a "slope" gain control as well as a "block" gain control. Unless proper slope is maintained 
cumulative effeefs can cause substantial unbalance af the channel levels at the subscriber's 
terminals. 

Level adjustments are aided by "AGC" (automatic gain control) which help* ta 
compensate far cumulative effects af cable lass ar due ta changes in an amplifier gain because 
af component aging ar different power voltages. This control is aided by one (ar sometimes 
twa) reference "Pilot'" tones inserted into the system at the head-end. The purpose af AGC 

* is ta maintain a constant output level far a range af input levels. Normally, aljout every third 
amplifier in a system has an AGC circuit. 

Special temperature compensating circuits help ta reduce the load an AGC. Changes 
in temperature change table lass - higher temperatures mean greater lass. The compensating 
circuits are designed ta have the apposite temperature characteristic — less lass with higher 
temperature. Seasonal changes generally require manual system reb ncing by an operators 
maintenance crew but hourly changes, particularly hat days and void nights as in same areas 
af the Southwest, require special attention ta automatic control. Underground systems, 
protected by the insulation and the thermal lag af the earth, have far less critical temperature 
adjustment requirements. 
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Lightening damage to plant is a matter of serious concern. Direct hits are not 
needed; induced currents or surges carried by power lines or the cabje itself can burn 
out sensitive solid state components'. Whole branches of amplifier? have been damaged 
by one lightening strike. Of course, the heavy metal of the cable shield and equipment 
cases does give protection if grounded properly and frequently. Drain wir$s, spark gaps, 
and surge protectors in the equipment circuits help reduce this danger of service outage. 

Not all amplifiers have the critical performance requirements of the "trunk" 
amplifiers. "Line extender" amplifiers, where only a few units are operated in series* 
on any one line, take advantage of this more modest requirement, particularly in areas . 
closer to the heed end, to help reduce total system cost. Many operators, however, are 
beginning to think ;not this is false economy. Now that system performance criteria and 
increased loads are apparent, the line extender amplifier may be the first that have to 
be replaced. 

"Bridging "amplifiers in trunk or feeder lines have good performance characteristics. 
They differ from trunk amplifiers in that they may (or may not) have very little effect on 
the main trunk signal but have multiple high level feeder outputs, isolated from the main 
line. \ 

c.» Passive Equipment — This type of line equipment does not provide any gain 
or amplification to the system signals although some passive networks are included in the 
active devices that were described in the previous paragraph. The passives require no electrical 
pov/er. They divide, split, add, isolate, reject, or discriminate as to the direction of flow. 
Most often these operations are performed on the basis of power over the full signal range, 
sometimes on the basis of frequency. Even those that operate over the full band are 
frequency sensitive. The manufacturers generally did not extend the effective range of 
operation of these devices beyond the limits of intended use. Therefore, many of the 
passives installed to date have poor or at least uncertain performance for the extended bond 
systems that are now contemplated. Many of these items may have to be replaced in 
existing systems that plan to up-grade their service. Although the cost of these items is 
modest the quantity is large and the installation labor input is substantial. In the last two 
years the manufacturers have been offering, and many of the newer systems or extension of 
older systems have been installing, extended band passives. 



Passive devices generally employ lumped components — ferrite rings, coils, 
condensers, even resistors, and frequently have critical or proprietary physical configurations 
of these compnents. Of importance to the system designer is the "insertion loss" (how much 
power is lost as the signal passes through the device); the "match" or "return loss" (that is, 
haw well does the device properly terminate the characteristic impedance of the cable at 
each of the connection poin;s); and the "isolation" (the effect of a disturbance or unwanted 
signal at one output port, upon the signal at another output port). 
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Physical characteristics such as shape and size, environmental protection, mounting 
hardware, ease of installation, and cable connections are important far all line mounted items, 
actives and passives* Extensive design thought has been given ta cast metal boxes; water 
' tight seals; plug in circuit boards ar components suitable far replacement without removing 
the container or the cable connections; and ease of maintenance, test ar adjustment while 
the technician is hanging anta a pole, at the 'top of a ladder or working irr a "cherry picker" 
bucket. Improved tools and techniques are rapidly developing* Great opportunities far de- 
sign improvements, mechanical as well as electrical and tar installation devices as well as . 
plqnt hardware not only exist in this young industry but are being actively exploited* Parti* 
Qularly the MSO's are seeking means af encouraging new installation techniques for lower 
cost and less maintenance* The vigor af the industry, unencumbered by* rule books, standard 
practice mannuals and mass but routine training classes, and sparked by fresh ideas from many 
sources and interested new disciplines, can nat help but generate better ways of doing things* 

The MSO Is mentioned here because his operation is large enough and his contact with 
the user is intimate and vital enough Jo determine a need far a new device* If he decides to 
Implement a solution far that need he is .a large tenough customer far the resulting hardware to 
encauroge a manufacturing run by a supplier. Manufacturers are not used ta having a built 
in mass market for a product where most af the risk of determining the need is barne by the 
customer. This happy situation, spurred by competitive interests, greatly accelerates the 
growth pattern of developing services such as are offered by broadband cable communications*, 

• # 

The common types of passive devices have been suggested above.. Spl itters (which are 
. "adders" when used in' reverse) divide the power fironva single cable, equal \y (or unequa lly) 
between two or more output cables. These devices should have minimum insertion loss but 
maximum, isolation between output "spigots". A tap sometimes called a "subscriber tap" is a 
farm af a splitter. Its purpose is ta "tap" a sufficient (generally very small, like !/50thofa 
microwatt) amount of power from a feeder cable to adequately serve a subscribers commercial 
TV receiver input. Early systems used the simple pressure tap, o small probe inserted into the 
dielectric af a feeder cable, sometimes .with an isolation resistor. But these were characterized 
by bad mismatch and no discrimination between direction af signal flow. In small systems these 
were tolerable and they were cheap. In large systems something better was demanded. The 
directional coupler wos then developed far cable systems* This device is designed^for low 
Insertion lass, variable tap-aff ratios (depending on the power level at the tep point on the 
feeder cable) ond greater isolation af return signals* Special effort Is mode ta "match" input 
and output terminals* Designs accomodate ane, two, or four taps at a single coupler* A 
four top is commonly used, placed art the line at a point to correspond ta the common in*cr~ 
section point of four home lots. Same operators only place a tap an aline after they have 
said a iubscription; some anticipate a "penetration" (percentage of actual subscribers to total 
potential’ users) and install that tap capacity during the initial installation* Of course more 
taps can be added as needed, possibly requiring additional signal amplification but without 
any change in the basic cable installation* A Drop Cable to serve a subscriber is generally 
not installed until a sale is mode but ance installed is left in place* A "disconnect" is mode 
by removing the drop from the tap and terminating that output af the directional coupler with 
a matching impedance* 
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MotcKing the line has been stressed repeotedly. It is important not so much becouse 
of the power loss but because o small mismotch ot eoch end of o coble or periodicolly ot paints 
olong o coble run will couse “ringing 11 (which con oppeor os repetive ghosts in o video picture) 
or “dropouts" (which sometimes remove certain specific frequencies from o normally broadband 
systerr). Before coble suppliers reolizeid the effectond took steps to remove the couse, the 
mechanicol process of manufacturing coble sometimes introduced periodic irregulotit'ies (for 
exomple, o small nick or dent in o conductor every timeq wheel in o machine made one 
revolution) which "sucked out" o TV chonnel. Now cable is "swept" over o specified fre- 
quency range os part of quolity control . % 

» ( * • 

Cable connectors ore on important but seldom recognized passive device. Thousandsof 
connectors ore used in o system n^o splice two ends of coble or to ottoch coble to some item of. 
equipment. They represent d percentage of totol system cost ond eoch connector offers on op- 
portunity for mismotch, water penetration or signal leokoge. Moce rhon one coble operator has 
troced complete loss of signal on o portion of his- line to o connector, installed in the summer, 
when cold winter temperatures Contracted ‘the inner conductor of his 'coble ond pulled it right 
out of the connector center pin- New simpler ond better connectors ore now being desiqned 

d ll m • k ® * 

tooled. " . 

< 0 * Powen-Supplies 



At one- tide every amplifier hdd its own power supply ond hod to be connected to o ’• 
source of 120 volt 60 cycle power or similor conventionol source. This wos not inconvenient 
ot the heod end oYato subscriber terminal but it imposed serious difficulties for omplifiers 
on pole lines 6r in underground voults. Even "power poles" often carry feeder (high) voltages 
ond not house power voltages. Almost oil cable systems ore now cable powered . The coaxial* 
coble itself provides the conductors over which operating power is brought to the octive 
equipments on o cable system line. Thus^electricol poy/er con be inserted onto the coble ot 
much more convenient spots. Itjsoften fed, generally ot obout 30 volts, 60 cycles, (some 
equ.iprr.cnts may use os high os 60 volts , depending on opplicoble codes ond real or fancied 
design odvontoges) both up odd down thq^coble for os m ych os two miles in eoch direction, to 
supply oil of the octive equipments orvlhot sectiqn of the run. The coble must hove sufficient 
roe to I in its inner ond outer condu^tdrs to cocry the power currents without undue loss. Thin 
foil or film donduetdrs which m^ht be suitable for the VHP signals would not corry sufficient 
ccble power to serve o mojlefn system (nor ‘would such thin films offer sufficient lightening 
current droinoseL — Naturally eoch item of equipment olong theNine, octive and passive, 



source 



must pass or block transmission of pov/er on the coolc ot the discretion of .the system 
designer.* Blockoge€f power is nec essory' to dsolo’te one power source fromonother: 
furtherdov/n the line. Direct currents ore not used on the coble because DC greotly increases 
the possibility of electrolyte corrbsion ot junction points. Eoch equipment item must still 
convert this AOsupply into DC ond provide the necessory levels ond regulotion for its own circuits. 
Solid state equipment which uies little power ond likes low voltages is pafticulorly suited to 
the coble powered practice. ~ 
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The question of emergency power for coble systems has started to be a matter of in- 
creasing concern as more vital ar commercially valuable services are rendered. Some operoton 
have installed emergency trickle charge battery packs and inverters at power points which have 
difficult access ar where power service is notably subject to failure but this practice is rare* 

With expanding services, operators who argue that a power failure in a neighborhood also 
disables the home television receivers and therefore the need far cable service may have to 
look far other excuses. Nevertheless an emergency power" standby at the head end and at 
critical line points or terminals could represent a major item of additional system installation 
and maintenance cast. * ° 

o 

• O' 

1 

3. Home Terminal?; > # 

The consumer of the services supplied an the cable is primarily <the family in the home. 
That residence may be a house or an apartment and is more generically referred ta os a dwelling. 
A far-smaller percentage of total outlets are installed in hotels or motels, stares that sell tele-< 
vision appliances and in bars or restaurants. Connections ore also made to schools, hospitals 
and institutians and municipal buildings such as police or fire stations. 

© 

Since September 1968 Home installations af cable have been Covered by a new section 
, (Section 820) af the Notional Electrical Code published by the Board of 'Fire Underwriters. 

The seclian is titled ••Community Antenna and Radio distribution Systems . m While the code 
requires certain logicol practices which increase an operators cost, such as a grounding block 
near the home ar group building entry, it is more permissive than demanding. This section is . 
^helpful ta the industry in that it formally recognizes CATV wiring. It cavers the installation 
officially rather than leaving the interpretation of mare general ar less applicable codes up to 
the discretion af local inspectors; A copy a f the code is ot toe hed as Appendix I . Canodo has 
a similar code, published^ prior ta the ane in the states. ' 

o 

x . a). Cable Props 

.Cable intp, the home brings a* variety af problems. Drop cable was ariginolly the 
government specified cable designated RG-59/U. This was the only small diameter, 75 ohm 
.characteristic impedance, paaxial cable readily available on the morket. This black jacketed, 
quarter inch diameter coble has five ar six times the attenuation af super trunk cable but it is 
used far a short runs. Its non-cumulative loss actually becomes part af the* intentional isolotion 
inserted at the tpp. The original RG-59/Uhqs now been modified by the industry. Fail wrap 
rather than braid outer conductors, faam rather than solid dielectric and thinner jackets in a 
variety af colors are now being offered. An even smaller diameter I greater lass coble for 
exposed wiring is being contemplated. 

... •- - 1 \ 

Messenger supported aerial cable from a nearby pole or a plowed underground run from* T 
a tap box brings the cable to the home. 'Same drop cable hos a built in messenger 4n a so-called 
. , *Figure-8 M jacket. The cable enters the building generally above ground, with drip loops, 
plastic sleeves, strain relievers and other means af weather ond mechanical protection. A 
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grounding block or other efectricol connection ties the outer conductor of the cable to o house 
ground (mctol woter pipe or t»>e equivalent). One (or more) outlets ore locoted ot points , 
selected by the customer. Somerimes this means boring through floors or wolls or running the 
coble olor.g bosebocrds or around doors. Since quarter inch block coble is not an interior 
decorotors delight, insice cable Is now supplied v/ith jockets of off-white or beige. In 
especiclly critical hemes same operators hove actually hand wropped coble in matching wood 
groin odhesive vigyl. Customer relotion conscious operotors hove neot oppeoring instollers, 
often in uniform, ond even supply smoll hand vacuum cleaners to tidy up the mess. 

i 

The coble someHr.es teminotes in o v/oll box but mare often it is dressed right to the 
television set ontenna termircls. Receiver inputs hove olwoys been 300 ohm balance porollel 
wire connections. V/hile this may hove been o convenience for home ontenna instcl lotions 
it now seers o poor choice. It provides little or no shielding, ond requires intcrnol con- 
version to occorrodote unaalcr.ced circuits in the set* It does not motch the impedonce of the 
unbalanced 75 ohm coaxicl ccble. Although frequently brought to their ottention, set monu- 
focturcs hove stecdfastly resisted on input chonge. Thus the coble operotor provides the 
necessary notching trcnsfocr.er o bolun (bolo nced to unbolonced)tronsition, generolly ploced 
right ot the input termirol of the set. ~ 

. " . * 

It has beer, on unwritten rule thot excep^ for the externol operoting controls, coble 
operc'ors do not- touch or modify the customers receiver (olthough there hove been soma-ex- 
ccptions). There ere twa reasons for this. Operotors 1 have not wonted to compete with or 
olienote the locol TV repairmen or TV set dealer. Second, they have found that cs soon as 
they take the bock off the set, the responsibility for the" performance of thot set often becomes 
theirs. Some customers feel that if o kinescope burns out oro condenser blows the coble in- 
staller must have done it end ought fix the set ot his expense. Of course ony terminol equip- 
ments supplied by the system. c*e end will be the operotors responsibility. It is a recognized 
odded cost of doing business that the coble service office is usually colled first regordless of 
the problem. The Sne, :rcvc! end reporting of o service coll costs on operator in the order * 
of ten dollors per trip, even for false olorms. If a problem con't be pinned down to the set 
over the phone, a service cell *s mode. Mointenance men corry portoble sets in their trucks 
ond me this cdvcntogeously to prove that the customers set and not the coble is at foult. 

' . 1 - 

b) . Converters : 

The converter is cn increcsingly common item instolled ot the subscribers terminol. 

Th!s I; on expensive piece cf active equipment and requires locol electricol power. Con- 
verters were mentioned cbove during o discription of the head end. With the growth of the 
industry ond coble services there heve been on increosing number of reasons for hoving this 
kind of equipment ot the subscriber terminol rather thon ot the heod end. 

* 

A subscriber converter is octuclly o well shielded chonnel tuner having a 75 ohm 
cooxio! cable inpur. Ideally this device should simply by-poss the tuner in the subscribers 
television set ond have cn I.F. output suitoble for directly connecting to the intermediate 
frequency stage of the receiver. It is possible thot some enterprising receiver manufacturer 
night supply a color set without o tuner, having only on ’.F. input terminol. Since we hove 
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not arrived at that sophistication as yet, and since the cable operator does nat choose to modify 
his customers receiver, the present converter designs include onother stage. Its I.F. signal is 
reconverted to a standard VHF Broadcast channel and delivered to the set. The set tuner now 
selects that canver er output channel and again translating it to on internal Intermediate fre- 
quency. This means -at least two unnecessary interface stages ond obout thirty dollars af un- 
necessary expense (the set tuner ond the converter output) jointly borne by the subscriber and 
the operator. 

The converter performs four functions? 

/ 

a) Protection against Interference af Strang locaf signals due to poor 
shielding In the receiver. This function was provided at the heod 
end until the demand far 12 channel systems become papular, 

b) Extension af the capacity afthe-home receiver, beyond 12 chonnels. 

The tuner is no longer limited ta the channel frequencies allocated 

by the FCC to broadcast services. Converters now supplied as standard 
equipments in Manhattan system have 25'channel capacity. 

c) Remote tuning control. The converter and its channel selector can be 
located across the room from the TV set, permitting orm chair tuning. 

d) Positive channel identification both as to channel number and to selector 
switch position* 

c). Multiple dwelling wiring ? 

Wiring in dense urban areas and multiple dwelling buildings anywhere offer special 
problems. Particularly the landlord problem and the access problem are af concern here. 

Briefly this relates the difficulty of refusal ar exorbitant demands by building owners for 
permitting cable services ta be provided ta residents in their own buildings ar even far 
rfght-af-way far cable passage across their property ta serve other people and buildings 
in the same black. The right of “eminent domain 11 ar "police powers 11 or other brute force 
methods hove never been tried ond may nat be applicable. So far CATV services are not 
vital ar essential and reprisal measures such as might be suggested by the utilities ar tele- 
phone services are not effective forgeable. The access problem is o serious ane resulting 
from the practice af fallowing electrical contractor wiring methods rather than communi- 
cation services methods for instal lotion af Master Antenna Television (MATV) In apartment 
buildings, /I The major difficulty here is thot system wiring is locofed behind lacked 
daars, subject ta abuses which couse service disruptions ar malfunctions but nat available 
far repair ar control af the service operator. New methods af wiring the buildings and 
methods af inserting cable into sidewalls far by-passing t/uildinas have been thought aut. 

These methods cure this problem but the new practices mtVtb^/ f sol d " ta owners, building 
trades people and ta city departments. 



/I MATV systems provide a common antenna and cable connections for tenants of a 
particular building. Low cost and conventional construction trade wiring methods 
has been governing criteria for these installations. 
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C, System Performance 

The design problem for loyouf of todays CATV systems is comparatively stroightforwordi 
The daily problems of making everything work together, finding troubles ond solution to those 
troubles requires underworking, knowledge, patience ond dedication. System design is 
largely a problem of cccutring good video signals or R.F. signals; selecting head end proces- 
sing' equipment which cods a minimum of signal degradation and spurious signals; and then 
performing the arithmetic of cascading trunkline amplifiers, 

1 , Broadcast reception. Good broadcast reception of a large number of channels 
requlreTs^iTrcrcTUcir" Even with the best equipment, tower location and propagation 
paths, so-cc'.ied studio quolity it on impossible dreom. There ore many variables over 
which the ccble cperctor has no control - the program' content; the technical excellence 
of the progrem source (AT&T long lines, film, tape or the broadcosters studio enmera); 
the performance of the transmitter; the transmitter power; the propagation distance; 
weather; end some multi-path situations. Surprisingly often the coble operator receives 
the blame for these foe ton. 

Co-channel interference (two broadcast stations on the same channel) plagues the cable 
operator because the FCC channel allocation plan v/as conceived for the average home 
owner with his rooftop antenna rather than a super antenna on a high elevation ar 
200 ft. tower. Co-channel produces the familiar Venetian blind!' effect resulting from 
a beat of two corners slightly off frequency, .or by a faint image picture superimposed 
on the primary picture. 

There has been much tolk about improved picture quality by taking direct video feeds 
from local stations, avoiding the R.F. transmitter/receiver stages. Some day we may 
reoch thot degree of sophistication, but it is not done now. The mere mention of the 
possibility horrifies the copyright lawyers and regulatory bodies. The broadcasters are 
torn between o desire to deliver better picture quality for their channel and an inherent 
reluctance ta cooperate with a possibly competitive commercial enterprise. 

Site selection, v/ith considerations of zoning, real estate availability, local interfering 
signals, roedwey access ond power availability and reliability, requires money, patience 
time and often good local politics. Receiver site selection offers many opportunities for 
second guessing - regardless of where you are there is always j possibility that it co jJd 
be better. 

Headend processing equipment and selection, performance and maintenance is totally 
the ccble operators responsibility. Here, and perhaps also in the site selection, he is 
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guided by what is avoilable an the market, haw well equipment fulfills its performance 
specification claims and by the economics af his system* The problems af demodulation, 
modulation and channel conversion have been treated obave* It is at this point that 
calar degradation, "birdies", hum, and system naise con be Introduced* Exact channel 
tuning and level control are vital* Installation factors, also, influence system quality. 
Shielding, filtering, wire routing and passive equipment use and location contribute 
ta headcnd performance. 

2* Distribution . The distribution system represents a fight between "noise" and "cross- 
modulatian". These foctars are most directly influenced by equipment selection and 
plant layout design. Jhe losses in the cable, the number and location af tho signals 
in the frequency spectrum, the distance between amplifiers, the naise factor and linearity 
af the amplifier , the gain, slope, and output levels required and the number af amplit jrs 
in cascade affect distribution performance. 



Naise is a random, broadband signal generated in nature by the random motion af 
electrons* It contains na intelligence. Naise interferes with coherent video signals 
in the farm af "snow' : on the picture tube screen, doncing black and white spots having 
na recognizable ar repetitive shape ar period, covering the entire screen. It is eqtuvo- 
lent td "grain" in photographic film ar "crackling" in rodio. The "TASO" report 1 ^ did 
an excellent statistical, subjective study af video noise* Their picture rating conclusion 
indicated that "snow" was just perceptible when it was o little less than 2%* (35dB) of 
the desired signal level and that it became somewhat objectionable at 5 1/2% (25 dB)»< . 
This figure in dB is known as the Signal-ta-Nai$e rotio. , 



/T 



Naise is generated oven in passive resistors in an amount related ta the ambient tempera- 
ture. Amplifiers generate same internal noise in addition ta amplifying the naise at 
their input terminals. This is called the "Naise Figures" af the amplifier. Each 
amplifier adds naise. In general, the system naise figure increases 3dB (the noise power 
doubles) each time the number af amplifiers in the system is doubled. 



The Campanian distortion ta naise is a problem characteristic af CATV systems that carry 
mare than ane channel in an amplifier. It cannot be blomcd an the broadcaster ar 
the program sources. It is cable's awn baby. Unfortunotely, amplifiers are not perfectly 
linear — the output signal is nat an exact duplicate f the input signal (multiplied by 
the gain). With nan-linear circuits there is an appoirunity for interaction between the 
signals being carried by the amplifier ta produce new unwanted signals af a distinctive 
nature which ere the product af this interaction. 

There are two types of such unwanted modulation. There are neats" known as "inter- 
modulatian" which produce o "herringbone" effect of horizontal bars ar vertical grids 



/T The Report of the Television Allocations Study Organization to the FCC, published 
March 16, 1959. 

/2 Corrected far o 4MHp bandwidth. 
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